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Abstract 
 

Insulin-like growth factor-1 (IGF-1) promotes growth, differentiation and survival of 

glial cells and is neuroprotective. Treatment of oligodendrocytes with IGF-1 increases 

production of myelin proteins and enhances cell survival. In this study, we 

demonstrate stimulation of the type 1-IGF-receptor on oligodendrocytes mediated by 

an antibody (GR11) that effectively inhibits receptor activation in HepG2 cells and 

primary rat astrocytes. Enhanced cell survival in oligodendrocytes was observed 

following application of GR11 alone and strongly enhanced in combined treatment 

with IGF-1. mRNA sequences for the type-1 IGF receptor expressed by 

oligodendrocytes, astrocytes and microglia were analyzed. Differences in mRNA 

sequences could not be determined between these cell types and were identical to 

published sequences for the type-1 IGF receptor found in nucleotide sequence 

databases. Although the mechanisms for divergent functional characteristics of the 

type-1 IGF receptor remain unknown, receptor activation in oligodendrocytes offer a 

mechanism for specific induction of IGF-1 signaling in this cell type. Specific 

signaling may hold therapeutic potential in treating disorders in which 

oligodendrocytes and myelin are damaged or lost. 
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Introduction 
 
Protective effects of the insulin-like growth factor 1 (IGF-1) on oligodendrocytes and 
neurons has been demonstrated in in vivo and in vitro studies. Effects on 
oligodendrocytes include promotion of oligodendrocyte maturation and survival in 
vivo (1, 2), proliferation and promotion of differentiation of precursor cells (3, 4, 5) 
and the capacity to stimulate oligodendrocyte production of myelin proteins in vitro 
(6). There is considerable interest in the potential of IGF-1 for clinical applications. 
Multiple sclerosis (MS) is a demyelinating disease of the central nervous system 
(CNS), in which mature oligodendrocytes are damaged and lost. In the course of MS, 
elimination of myelin and oligodendrocytes leads to denuded axons and subsequent 
clinical effects. The observation that remyelination can occur in MS raises the 
question as to which signals trigger these mechanisms and which factors might 
provide sustenance for this process. In experimental allergic encephalomyelitis 
(EAE), the animal model of MS, subcutaneous or intravenous IGF-1 application has 
been shown to reduce disruption of the blood brain barrier, decrease immune cell 
infiltration and enhance remyelination (7, 8, 9). Together with these beneficial 
physiological effects, the clinical MS-like symptoms were reduced, indicating the 
therapeutic potential of IGF-1 in demyelinating diseases, such as MS. In a study, in 
which the gene encoding the type 1 IGF receptor was disrupted in mice, cuprizone 
induced demyelinating lesions demonstrated acute oligodendrocyte depletion. 
Compared to the wild type mice remyelination did not occur adequately. It was 
observed that oligodendrocyte progenitors did not accumulate, proliferate, or survive 
within the mutant mice, compared with wild type, indicating that signaling through 
the type 1 IGF receptor plays a critical role in remyelination (10). 
Activation of the type-1 IGF receptor by its natural ligand IGF-1 is regulated by 
several factors such as regulatory binding proteins (IGFBPs), which sequester IGF-1 
(11, 12, 13, 14, 15). Most effects of IGFBPs are inhibitory on IGF actions. Control 
mechanisms by which IGFBPs regulate IGF-1 interaction with the type-1 IGF 
receptor include cleavage of IGFBPs by specific proteases, a mechanism that releases 
IGF-1 from the complex to elevate levels of free IGF-1. Circumvention of regulatory 
mechanisms by administration of IGF-1 analogs that do not bind IGFBPs is very 
critical due to the insulin-like effects of free IGF-1 in the circulation that lead to 
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hypoglycemia (16). Furthermore, if IGF-1 concentrations could be relevantly 
increased in the CNS, targeting of IGF-1 to oligodendrocytes would be restricted 
since both neurons and astrocytes express high levels of the type-1 IGF receptor (17, 
18, 19, 20). Additionally, IGFBP expression has been shown to be regulated in EAE 
and MS plaques (7, 21), as well as expressed in isolated cultures of oligodendrocytes, 
astrocytes and microglia (6, 22, 23, 24, 25). When considering IGF-1 as a therapeutic 
agent in treating demyelinating diseases, novel strategies of IGF-1 receptor activation 
must be developed in order to circumvent regulatory pathways and specifically target 
oligodendrocytes. 
In this study, we demonstrate an antibody that strongly enhances survival of 
oligodendrocytes, whereas it inhibits receptor activation in other cell types. This 
functional difference may provide a valuable tool to specifically induce IGF-1 
signaling in oligodendrocytes. 
 
 
Materials and methods 
 
Tissue culture plasticware was obtained from Nalge Nunc International (Roskilde, 
Denmark). All other cell culture materials were purchased from Gibco BRL (UK). 
MTT (3-[4, 5-Dimethylthiazol-2-yl]-2, 5-diphenyl-tetrazolium bromide) was 
purchased from Sigma (St. Louis, USA). Primary antibodies for identification of 
isolated cells used were anti-ED-1 (Chemicon International, Temecula, CA) and anti-
GFAP (Boehringer Mannheim Biochemica, Germany). D-peptide analog of IGF-1, 
JB3 was acquired from (John Haylor, Sheffield Kidney Institute, Diabetic Centre, 
Northern General Hospital Trust, and Krebs Institute, University of Sheffield, 
Sheffield, United Kingdom.) and served as an antagonist for the type-1 IGF receptor 
(26). The anti-type-1 IGF receptor antibody GR11 was purchased from Calbiochem 
(La Jolla, CA, USA) and used in the MTT survival studies. Recombinant human IGF-
1 peptide was obtained from Gropep (Adelaide, Australia). For RNA isolation we 
utilised the RNeasy Mini Kit from Qiagen (Valencia, CA). All reagents for reverse 
transcription (RT) and all primers were obtained from Life Technologies (Paisley, 
UK). The High Fidelity PCR Master kit was obtained from Roche (Indianapolis, IN). 
For PCR product purification we employed the kit sephadex G-50 (Amersham 
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Biosciences, 27-5340-10) and for sequencing the sequencing kit Dyenamic ET-
Terminator Kit (Amersham Biosciences, US81090). All other chemicals were 
purchased from Sigma (St. Louis, MO). 
 
Cell culture 
O2A progenitor cell-enriched cultures (purity about 95%) were prepared according to 
a modified shake-off protocol described previously (27). Briefly, cerebral 
hemispheres of 1 day-old Wistar rats were freed from the meninges and mechanically 
disrupted. After centrifugation (10 min, 300*g) single cell suspensions were 
transferred to culture flasks (1 brain/flask) and kept for 5 to 6 days in growth medium 
(DMEM containing 10% FCS, 5 µg/ml pyruvate, 2 mmol/L glutamine, 50 U/ml 
penicillin, and 50 µg/ml streptomycin). Thereafter, cells were fed twice a week with 
growth medium. 7 to 12 days after plating, O2A precursor cells growing on top of 
astrocytic monolayer were shaken off overnight at 250 rpm and 37°C. The suspended 
cells were filtrated through 30 µm mesh nylon membranes, centrifuged (300*g, 15 
min), and plated into uncoated dishes for selective adhesion of microglial cells. After 
30 min, O2A cells remaining in suspension were collected, counted, and plated into 
poly-L-lysine- (PLL)-coated multiwell plates. 2h after plating O2A cells, the growth 
medium was removed. The cells were washed once with HBSS (Hank’s balanced salt 
solution) and fed with a chemically-defined, insulin-free medium (CDM: DMEM 
containing 5 µg/ml pyruvate, 2 mmol/L glutamine, 50 U/ml penicillin, 50 µg/ml 
streptomycin, 5 µg/ml transferrin, and 5 ng/ml selenite). Astrocytes were obtained by 
passaging O2A depleted cultures 2 times. Purity of the astrocyte cultures was 
examined by staining with the astrocyte-specific marker GFAP. Obtained cultures of 
astrocytes and O2A cells were 95% pure. 
The human liver cell line hepatoma G2 (Hep G2) was cultured on PLL coated dishes 
in DMEM containing 10% FCS, 5 µg/ml pyruvate, 2 mmol/L glutamine, 50 U/ml 
penicillin, and 50 µg/ml streptomycin. These cells were used as a control cell type, 
since it is peripheral to the CNS and is known to highly express the type-1 IGF 
receptor. 
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Treatment procedures 
Recombinant human IGF-1 was dissolved following the manufacturer’s instructions 
and added directly to the culture medium. For combinatorial treatments, IGF-1, JB3 
and GR11 were pre-incubated in a small volume of medium for at least 30 min at 
37°C before addition to the cell cultures. The concentration of IGF-1 in all 
experiments was 10ng/ml. JB3 was applied at concentrations ranging from 0-1 µg/ml. 
The anti-type-1 IGF receptor antibody GP11was applied at concentrations ranging 
from 0-10 µg/ml. 
 
Cell survival assay 
Cell survival assays were performed as described previously (6). Briefly, cells were 
plated into PLL-coated 12-well plates. After two hours growth medium was removed, 
cells rinsed once with HBSS, and incubated with CDM with or without IGF-1, JB3 
antagonist, GR11, or as combined treatments. Every 24 h substances were 
supplemented. After 72 h MTT assays were performed using a protocol according to 
the manufacturer’s instructions (Sigma, Saint Louis, USA). 
 
RT-PCR 
Total RNA was isolated from rat kidney and primary cultures rat oligodendrocytes, 
astrocytes and microglia using the RNeasy Mini Kit following the manufacturers’ 
instructions. Single stranded cDNA was synthesized from 5 µg total RNA using 2.5 
µg Oligo (dT) 12-18 primer, 1000 units Superscript RT II, 20 µl first strand buffer, 
10 mM DTT and 0.5 mM dNTP in a total volume of 100 µl. Isolated RNA and the 
Oligo (dT) primer were denatured at 65°C for 15 min and placed on ice for 5 min 
before addition to the reaction tube. Reverse transcription was performed for 1 h at 
37°C, and samples were subsequently heated at 99°C for 5 min to terminate the 
reaction. PCR was performed with the High Fidelity PCR Master using 250ng cDNA 
and 7.5 pmol sense and antisense primer. The final reaction volume was 50 µl. The 
tubes were incubated in a GeneAmp PCR System 9700 (Perkin-Elmer, Norwalk, CT) 
at 94°C for 5 min to denaturate the cDNA and primers. 35 cycles were performed for 
each sample; 94ºC for 30 sec (denaturation), 55ºC for 1 min (annealing), and 72ºC for 
1 min (elongation). 4 products of the 4 kb messenger were amplified in order to 
minimized product size for sequencing of the PCR products. Table 1 lists the primer 
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sequences and PCR-product sizes of each segment of the type-1 IGF receptor. Each 
primer pair spanned an intron so that amplification from any contaminating genomic 
DNA could be detected based on the size of the product. 10 µl of each PCR product 
was separated on 2.0% agarose gels, stained with ethidium bromide, to check for 
specificity. In order to further analyse mRNA, PCR products were sequenced. Prior to 
analysis on MegaBACE 1000 sequencing system (Amersham biosciences, Molecular 
Dynamics, 63-0034-24), PCR products were purified with AutoSeq96 filter plate 
containing DNA Grade Sephadex G-50 (sephadex G-50, Amersham Biosciences, 27-
5340-10). We utilized the sequencing kit (Dyenamic ET-Terminator kit Amersham 
Biosciences, US81090). MegaBACE long-read matrix (Amersham biosciences, 
US79676) generated sequence data was analyzed with basecaller Cimarron 2.19. 
cDNA sequences were compared with the sequence available in the GenBank DNA 
databases. 
 
Statistical analysis 
All experiments were performed a minimum of five times each. For any given 
experiment, each data bar represents the mean +/- SD of values obtained in separate 
experiments. Statistical significance was determined with the unpaired student’s t-test. 
Values of P<0.05 were considered significant. 
 
 
Results 
 
Preliminary flow cytometric analysis of the cell cycle phase distribution of 
oligodendrocyte cultures confirmed after 24 h in CDM that 90% of cells were already 
arrested in G1-phase. Subsequent treatment with IGF-1 failed to stimulate 
proliferation since S- and G2/M-fractions were not enhanced (6). MTT survival 
assays reflect the cell quantity in the system. For oligodendrocytes the MTT assay, 
therefore, measures cell survival and not proliferation. 
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JB3 inhibits IGF-1 stimulation on HepG2 cells yet has no influence on 
oligodendrocytes 
HepG2 cells were chosen in our study as a non-neural cell type, peripheral to the 
CNS, in order to measure the efficacy of type-1 IGF receptor neutralization. Type-1 
IGF receptor expression is well-recognized on HepG2 cells (28) and the effects of 
molecules of the IGF-system have been studied on these cells. Treatment of HepG2 
with the IGF-1 antagonist JB3 (1µg/ml) resulted in a decrease of cell survival of 
18.1% (SD ± 0.7%, p<0.05) as compared to untreated controls (figure 1a). This effect 
is likely to be the result of inhibition of autocrine actions of endogenous ligand, since 
HepG2 not only express the type-1 IGF receptor but also IGFs (29). IGF-1 
supplementation (10ng/ml) to HepG2 cultures enhanced cell proliferation by 34.8% 
(SD ± 12.1%, p<0.05), as compared to controls. Combined treatment with IGF-1 and 
JB3 resulted in reduced cell proliferation by 15.2% (SD ± 2.4%, p<0.05), as compared 
to IGF-1 stimulated cells. This decrease of IGF-1 effects demonstrates the 
neutralizing effect of JB3 on the type-1 IGF receptor in HepG2 cells. However, IGF-1 
stimulation could not be entirely inhibited with JB3 even at high concentrations 
(10µg/ml). In contrast, treatment of oligodendrocytes with JB3 displayed no influence 
of this antagonist on IGF-1 stimulated cell survival (figure 1b). JB3 remained 
ineffective even at the highest concentrations (10µg/ml). 
 
GR11 treatment inhibits HepG2 proliferation and stimulates oligodendrocyte 
survival 
The commercially available anti-type-1 IGF receptor antibody GP11 was tested for 
efficacy to inhibit IGF-1 effects on HepG2 cells and oligodendrocytes. To date, this 
antibody has only been reported to effectively neutralize the type-1 IGF receptor on a 
variety of cell types. Treatment of HepG2 cells with GR11 (1µg/ml) resulted in a 
strong decrease of cell survival of 59.3% (SD ± 6.6%, p<0.05), as compared to 
untreated controls (Figure 2a). Furthermore, in combined treatment with IGF-1, GR11 
inhibited HepG2 proliferation, demonstrating a reduction similar to that of GR11 
treatment alone. These results indicate a more effective neutralization of the type-1 
IGF receptor with GR11 than with JB3 in HepG2 cells. 
In contrast to this inhibiting effect on HepG2 cells, we observed enhanced survival of 
oligodendrocytes in GR11 treated cells (Figure 2b). Compared to controls, GR11 
treatment alone demonstrated a dose dependent increase of cell survival, with an 
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increase to 217.7% (± SD 25%, p<0.05) at the highest concentrations (1µg/ml). 
Treatment with IGF-1 alone increased oligodendrocyte survival to 278.2% (SD ± 
32%, p<0.05). Most interestingly, combined treatment of IGF-1 and GR11 strongly 
enhanced cell survival. At the highest concentration of GR11 (1µg/ml), we observed a 
synergic effect of 600% (SD ± 57%, p<0.05) enhanced cell survival, exceeding 
measurements with IGF-1 application alone. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Effects of IGF-1 receptor neutralization with JB3 on cell survival 
The cell line HepG2 and primary rat oligodendrocytes were cultured in serum-free medium 
for 3 days. Survival was determined by MTT assays and measured on day 3. Panel a; HepG2 
cells displayed an 18.1% decreased survival when treated with JB3 (1µg/ml), as compared to 
controls. IGF-1 treatment (10ng/ml) enhanced cell survival by 34.8%, which was significantly 
inhibited by combined administration of IGF-1 and JB3. Panel b displays ineffective 
treatment of JB3 on oligodendrocytes even at the highest concentrations applied (10µg). Data 
represents mean ± SD of five independent experiments. 
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Figure 2: Effects of IGF-1 receptor neutralization with GP11 on cell survival 
The cell line HepG2 and primary rat oligodendrocytes were cultured in serum-free medium 
for 3 days. Survival was determined by MTT assays and measured on day 3. Panel a shows 
inhibiting effect of the anti-type-1 IGF receptor antibody GR11 (1µg/ml) on HepG2 cells 
(decrease of 59.3%, as compared to controls). IGF-1 stimulated survival could be completely 
inhibited by GR11. Panel b displays stimulating effects of GR11 on oligodendrocytes. GR11 
increased survival in a dose dependant manner. Combined treatment of GR11 with IGF-1 had 
a synergic effect on oligodendrocytes. Survival could be enhanced to 600% with the highest 
concentration of GR11 applied (1µg/ml). Data represents mean ± SD of five individual 
experiments. 
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Effect of GR11 on astrocytes 
In order to investigate whether that effect of GR11 is exclusive for this glial cell type 
we studied the effect of this antibody on astrocyte proliferation (Figure 2a). IGF-1 
treatment enhanced cell proliferation by 124% (SD ± 12%, p>0.05), compared to 
untreated controls. Treatment of astrocytes with GR11 (1µg/ml) resulted in a decrease 
of cell proliferation to 81% (SD ± 10.7%, p>0.05), as compared to untreated controls. 
Combined with IGF-1, GR11 inhibited IGF-1 stimulated proliferation on astrocytes. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Effects of GR11 on astrocytes 
Primary rat astrocytes were cultured in serum-free medium for 3 days. Proliferation was 
determined by MTT assays and measured on day 3. Treatment of cells with GR11 (1µg/ml) 
inhibited growth (decrease to 81%, as compared to controls). IGF-1 stimulated proliferation 
(124%, compared to controls), was effectively inhibited by GR11 in combined treatment 
(87%, compared to controls). Data represents mean ± SD of five individual experiments. 
 
 
Sequence analysis of the type-1 IGF receptor 
Unique functional properties of the type-1 IGF receptor on oligodendrocytes raise the 
question, as to what the basis of these diverging effects is. We proceeded to analyze 
the mRNA sequence of the type-1 IGF receptor expressed in oligodendrocytes and 
compared them with sequences from other glia cells (astrocytes and microglia) as well 
as from rat tissues deriving from the periphery (kidney). We were unable to identify 
differences in sequences of any cell types, and these were identical to those available 
in the GenBank DNA databases. 
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Table 1: Primer sequences and PCR-product size for 4 segments of the IGF-1R. 

Primer # Primer sequences (5`-3`)    Product size 
1  TCCAAATAAAAGGAATGAAGTCTG  1266 bp 
5  CCTTCTAGCTGCTCCTCTCC    
2  GGCGAGTGCATGCAGGAGTG   1096 bp 
6  TTGGAGCAGTAGTTGTGCCGG  
3  GCTTCAGTTCCTTCCATTCC   1228 bp 
7  ACTCCTTCATAGACCATCCC 
4  TGCTGTACGCCTCTGTGAACCC   1142 bp 
8  GGATCCAAGGATCAGCAGGTCGA 

 
 
 
Discussion 
 
Initial studies were designed to investigate regulatory mechanisms involved in IGF-1 
signaling in oligodendrocytes. In the course of these experiments it became apparent 
that the type-1 IGF receptor expressed by oligodendrocytes reacts differently than the 
type-1 IGF receptor expressed by other cells. Firstly, JB3, a cyclic D-amino acid 
peptide antagonist of IGF-1, that blocks IGF-1 effects on e.g. kidney cells in vitro and 
in vivo (26, 30) and as depicted in this study on HepG2 cells, did not affect basal or 
IGF-1-stimulated oligodendrocyte cell survival. Secondly, a monoclonal antibody 
against the type-1 IGF receptor strongly enhanced basal and IGF-1-stimulated 
survival of oligodendrocytes, whereas it effectively blocked basal and IGF-1-
stimulated survival of astrocytes and non-neuronal cells such as the cell line HepG2. 
 
A number of lines of evidence suggest that the type-1 IGF receptor may display 
heterogeneity due to potential primary structure variation, differential glycosylation, 
and hybrid formation with insulin receptors. As several of these variations are 

Positions of primer pairs on the Type-1 IGF receptor mRNA 

1        2   3   4 
    5   6   7  8 
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developmentally regulated or exhibit specific localization it seems possible that they 
are involved in tailoring the action of the type-1 IGF receptor. It has long been known 
that the ligand binding type-1 IGF receptor α-subunit expressed in the central nervous 
system differs from peripheral α-subunit expressed by e.g. muscle, placenta, and 
blood cells in size (10 to 20 kDa smaller). Studies have identified a “brain-specific” 
form of the type-1 IGF receptor that is expressed in neuronal cells, whereas astrocytes 
were shown to express the peripheral form (31, 32). Those investigations depicted 
alpha subunits of 115 kDa expressed in neuronal cells compared to the 130 kDa 
peripheral form. In other studies it could be demonstrated that neuronal cells express a 
97 kDa form of the beta subunit which was concentrated in growth cones (33, 34). 
Differences in molecular size of the alpha subunit is possibly due to glycosylation 
patterns (35) whereas dissimilar beta subunit sizes are thought to be based on 
differences in primary protein sequence (34). Such investigations have not yet been 
performed on oligodendrocytes and it is not known whether these cells can express a 
neuronal subtype of the type-1 IGF receptor. 
We have, unexpectedly, found an antibody that activates the IGF-1 receptor and 
stimulates IGF-1 effects on oligodendrocytes in vitro, whereas it inhibits basal and 
IGF-1-stimulated growth of several non-neuronal cells. The mechanism of this 
functional dissimilarity is yet unknown. Modifications such as glycosylation patterns 
may lead to diverging functional properties of a receptor. Since both types of α-
subunits are found in the grey and white matter of the human brain, it is interesting to 
speculate that oligodendrocytes, like neurons, may express the “neuronal” low 
molecular weight subtype, explaining the differential effects of the antibody on 
oligodendrocytes versus liver cells.  
IGF-1 is an important growth factor regulating CNS development and essential for 
oligodendrocyte maturation and myelin production. Transgenic mice, overexpressing 
IGF-1, display a more than proportional increase in brain size and myelin content, 
which is due to an enhanced myelin production per cell (1). Upon serum deprivation 
bipolar O2A precursors differentiate into mature oligodendrocytes that express all 
major myelin proteins. In the absence of other growth factors, oligodendrocyte 
differentiation is stimulated by IGF-1 (36). 
Different components of the IGF-1 system have been investigated in MS patients (in 
vivo and post mortem brain tissue). When comparing the expression of the type-1 and 
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type-2 IGF receptors in normal white matter and MS plaques, levels of the type-1 IGF 
receptor in MS tissue remain unaltered, whereas the type-2 IGF receptor was absent 
(20, 37). These findings suggest that IGF-1 in MS brain tissue acts through type-1 
IGF receptors. As we have demonstrated, the type-1 IGF receptor can be stimulated 
by antibodies specific for this receptor. Conceivably, other antibodies or derivatives 
could be generated that will act in a stimulatory fashion on oligodendrocytes, but in 
contrast to this antibody will not exhibit the unfavorable negative effects on other 
cells expressing the peripheral IGF-1 receptor α-subunit. If this could be achieved, it 
would offer a strategy to specifically target type-1 IGF receptors in oligodendrocytes 
and prove beneficial in treating demyelinating diseases such as MS. 
 
 
Conclusion 
We have demonstrated clear evidence for functional differences of the type-1 IGF 
receptor expressed on oligodendrocytes as compared to other cells. Differences in 
receptor stimulation might provide the molecular basis for developing strategies that 
specifically act on oligodendrocytes and neurons. 
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